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[0005] When an OFDM symbol is transmitted, a transmission 

frame is formed by a plurality of OFDM symbols, and an OFDM symbol 

(hereinafter, referred to as a reference symbol) , which is used 
as a reference for transmission path characteristic correction, 
10 is inserted and transmitted for each frame in consideration of 
an error correction on the reception side. 

[0006] FIG. 8 is a diagram illustrating a method for 

performing a transmission in units of frames, and this is described 
in "Le Floch et al , "Digital Sound Broadcasting to Mobile Receivers", 
15 IEEE Transactions on Consumer Electronics, Vol. 35, No. 3, pp. 
493-530 1989". 

[0007] As shown in FIG. 8, the OFDM transmission frame is 

formed by data including data in a frequency direction (based on 
a carrier) and data in a time direction (based on an OFDM symbol) , 

20 which form groups , respectively . Time slots of the frame represent 
OFDM symbols, respectively. The number of sub-carriers of one 
OFDM symbol is 448, and the number of OFDM symbols of one frame 
is 300. The number of sub-carriers is determined based on the 
number of points of an IFFT circuit to be used. In FIG. 8, one 

25 frame is formed by 448 pieces of data in the frequency direction, 
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and 300 pieces of data in the time direction. 

[0008] The OFDM symbol of the first time slot of the frame 

represents a null symbol for reception synchronization, and the 
448 sub-carriers are all modulated and generated by using symbol 
5 data having an amplitude of 0. The second time slot represents 
the reference symbol which is used as a phase reference of each 
sub-carrier. The OFDM symbol of the third time slot is fixed data 
for transmission control . Information symbol data is transmitted 
by using the OFDM symbols (information symbols) of the fourth and 

10 the following time slots. 

[0009] When the information symbol data is transmitted, 

interleaving based on the frequency direction and the time 
direction may be performed. Through the interleaving, even when 
an interference occurs in a specific frequency slot and time slot, 

15 continuous data errors can be prevented, thereby increasing a 
possibility of restoring data through error correction on the 
reception side. 

[0010] Next, equalization technique for OFDM will be 

described . 

20 [0011] In the OFDM transmission, a guard interval is inserted 

in order to prevent inter symbol interference in a multi-path . FIG . 

9 is a diagram illustrating a guard interval for an OFDM signal. 

In FIG. 9, for simplifying the illustration, an OFDM signal of 

one sub-carrier is shown. 
25 [0012] As shown in FIG. 9, a signal of one symbol of the OFDM 
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includes a guard interval and an effective symbol period. A signal 
in the guard interval is formed by repeatedly copying a signal 
in the end half part of the effective symbol period. When a delay 
time caused by the interference in the multi-path is less than 
5 or equal to the guard interval , the intersymbol interference caused 
by a delayed adjacent symbol can be prevented by only a signal 
in the effective symbol period being demodulated in a demodulation 
process step. 

[0013] FIG. 10 is a diagram illustrating the equalization 

10 using the guard interval as described above. 

[0014] It is assumed that a delay time between a signal 

waveform of a direct wave of the OFDM symbol as shown in FIG. 10 (a) 
and a signal waveform of a multi-path interference wave is less 
than the guard interval as shown in FIG. 10 (b) . A sum signal (FIG. 

15 10 (c) ) of the OFDM symbol shown in FIG. 10 (a) and the interference 
wave shown in FIG. 10(b) is obtained at the reception side. In 
this case, since the delay time of the interference wave is less 
than or equal to the guard interval, the reception signal (sum 
signal) in the effective symbol period has the same frequency as 

20 the OFDM symbol and has a phase and amplitude different from the 
OFDM symbol. That is, in a case where the OFDM symbol shown in 
FIG. 10(a) is obtained through, for example, modulation using 
symbol data SO shown in FIG. 11, when the reception signal is 
demodulated, the symbol data SI shown in FIG. 11 may be obtained, 

25 for example. 
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[0015] Specifically, the reference symbol of which the phase 

and the amplitude are known is previously demodulated, and 
differences (offsets) in phase and amplitude between the original 
symbol data and the demodulated symbol data are offset, to correct 
5 the demodulated symbol data. Thus, data transmission which is 
not influenced by the multi-path interference is enabled. The 
influence of the multi-path interference is different for each 
sub-carrier. Therefore, the reference symbol is set for each 
sub-carrier. A coefficient for correction is changed for each 
10 sub-carrier, and therefore the correction of the offset can be 
realized by using one conjugate complex multiplier. 

[0031] As shown in FIG. 1, the time slot which is the top 

of the transmission frame represents a null symbol for reception 

15 synchronization, and the symbol data representing an amplitude 
of 0 is allocated to all the sub-carriers. In the present 
embodiment, the reference symbol A and the reference symbol B are 
allocated to the second and the third time slots, respectively, 
as equalization reference signals for each sub-carrier. The 

20 information symbols are allocated to the fourth and the following 
time slots. 
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[0 0 4 1] 1 O F DM-»#;KiN*i0tf7++ 'J 7 
LTVSo #-9-7"+^ 'J TliM^-tf 0 

$s ^(Dmrnf-^x^K^yyt^w-^ic^ -> x 
-A^iiis-rs„ o /y^vi/x-^T^astifco f d 

[0 0 4 2] ^0 2SI?)B|F^XD7 ht?ii, •9-7*+ -V 

y T'^msosipx- ^ t j; o T^ii^ txfcSp-> 

t± v mw<yyt;)iBtffcm-£ih.%o mwyy^^mtL 
mmwyy*^A(DmmjejLz±m (3) s^ss 

•fSo ctifciti, g-y-7'^^ y 7«t, W$yy$;i> 

A<ujs-¥mmG-\ &zf^$±yy#?i>mmRi 
mmLTMmyy$frB<Dtf- fwhg2 msw^yy 

B ©sr- Fflifffl^^fflftfc^r- FSBIHIG 1 +Gfbi'>$ 

x-* <t -3 TgW^ 4afe«f 18^ > ^vi/^e^snso 
[0 0 4 3] i^s^ -r^^xT^^asBfr^^- 
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-FJCTSG2 J;HS^i^tB, ^pyy^VbBCDlf 
$ryy*';l/«iSR2 tSWSY^f/UTiitt 

iffitf^f b L ft & © i: & § 0 y b ofSH&y'S 

[0 0 4 4] fcHLfcaSpx-^fflVT, HNS 

y y^VWiSy y^^+fT^-v u 7«tc*fk-r 

IIP-> y#)l><D£it%m IJ1" 5 £ £ ?- 1 3 0 
[0 0 4 5] CCi^t, ^HffifiJtfc^Tfi, jiflt, 
fc 2 OCBf »n -y F lCl3^TW&>'ytf)l>%&M?% 

t it^, c n&©s*y y#7i/©feffl&tfgi|ii£pe-t 

5 C t £ <fc 0 , 2 o<DS*py y#7l/tf Jl^f 2> <fc 3 fcg; 

^t-^So ccDtc^ w^yy^Mc-Dh^r^ji^^ 20 
zmm-yytwcDgitzftiutz ctA^ts, 

[0 0 4 6] fcfc, SJp>>y#;I/AO^f-K»IHi:bT 
»?y y*';bB K»MG2 &tfW^y y^/WHSS 
R2 %m^Z£ ttfZ°%%(DT\ ffid-Xhlc&ttl&t 

[0 0 4 7] HI 5 li^mtC&Z 0 F DMiMffggO- 
^*$J£r^T 7 n -y ? §0 

[0 0 4 8] XMf i^/riTA*?nfe2ii7 ho 
i*Sx-^tts/psaiuiS2K:#Ap.n«o s/p^ jo 

y y 7 1° y ^HSS 3 1 # ^ 5 o y y v -y tf y 
?mt&3l£, 0)J*.fc?P S K^iiXfiQ AMSM9tJ;o 
T, IffSx-^fcltSgyytfOl/x-* (If-*, Qf 

fg y y * & v u ^ x mss 4 ^ 4 x p, n 

§0 

[0 0 4 9] ■7^7°b^X[Hg§4£ttR0M5, 6, 
/OtHAtM^i^fcSot^g, ROM5, 
6, 7 teapoy y^u-r-^ ARXfg 40 

pT^B^I^tlTV^o &33, i¥r-^A, B 
actlP.OSPx-^ A, BKg-^VTmjSc^nfcO F 

dm-»» (K^yy^;bA, b) (o'-mefpsm-^ 

y y ;J?;W >y ¥.yfm& 3 ©ffi^Rt? R 0 M 5 JIM 7 © 
ffl70£fS^7U-iA<D&B#flXn-y Mcftfg LTSJR L 

T-Yy*-u-7"0K8 tm*-rs 0 -ry*-u-7ia 

A^ftfcf-^^y^-U-T^-tfT I F 
[0 0 5 0] I F F T@£S9ttA±l^n/fcNfB©x-* JO 
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^fgs-rsfci6tc o f DM&mffiifcKft- Fmm*tt 

fiHU Itt, QttO€^**-<fD/ASIftS11. 12fcft 
73"fSo D/ASB8S811, 12«A7a£nfcxVy?;WI 

LPFfcV^) 13, 14tffi^-rSo L P F 13, 14&5^ 

[0052] n^Mmmm^t, m%sm5.m^ mm 

17, £ggg1& 19RtfinSt§20tJ;oT«jt5tlT^ 

LTffi7a1"§o »fflS17f±Ha3^JBS1605ISffl**9 

0S#ffi?^Ttt3XW^-V'J7^ff^LT^»:g|19CttJ 

OS»K*oT[B|tgWSIIta^*#TSP»g|20^tB7J-r 
§0 *ffgg19«L P FUcDffl^tBiXtt^ UTtOS 
SEC«J:r3TES«lSiSW*%?#Tinl¥ffi20fcm* , rSo 
l)D»g|20t±S*^18, 19tDtti^^inffLT, it^iftb 
* ^)S^a^«[HlEg21 K ffl f 3 o 

[0 0 5 3] «JS»SSilslB2itt^yK^X7-i';l/^ 

cwTx BPFtv^) 22, mmm2x mmm^ 
m&fiizB p F22t4xe.ns b p F22«a:^iitb^ 

?r^«MPHLTifitIf§23^/M,T^»gg24K4^«c S 

»«iBS22{±ffiiaisiisas^fc:^»s!tggi-r«fcJ6om£ 

m^23<D&tltM^M&lJt<Dmmc£-oTO-FD 

MjgSWiSOiI5SS!a**iSSifi&^tSSibTB p 

F26KtiJ7J-rSo B P F26ttSM[g|24©a**ffW*JBI 

LTR Ffl-^i;bTtB*-r?. 0 
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[0 0 5 6] A^S^l^bTATJ^nfciSx-^ 
& S / P g&§§ 2 K J; o U;b-r-* fcg^S txfc 
yytfVl/^-y ey^H]S&3 tCt-^T I r-*Rt>"Q 

x-^^ejSS'lfffiyy^x-^t^stiSo yy 
-y tf y ^'[USS 3 ^ (D'if^gy y ^Vl/f - * & v;U 
^7°y^xniK4t#i^ris„ ^9 L 7°y^xii]£S4 

t(±ROM5, 6, 7i^*«0~>yf;;I/r-^, B¥ 
x-^ATitfa^-r-^BtA^J^nT^t), v;^7° 
y^X@gS4(4, H 1 ©f5^7b-A©S-B#P^Xn-y h 
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[0 0 5 7] A*Sffi?27£«^D'y£tfA:fr£ti 
T$3 0 , ?'0Sg28 « C <D ? P v t> icm^zm 

[0 0 5 8] IFFT@K9(i, A7J^nftNl©-» 
/PVU^fflV^T I F F TMS?rfT-5o CtUC±<9, Nfll© 
■>yt;;W^1"2 0 F DM^H^T^tlT, OFDMi 
^tI$E©flS5R e Rtf^gp I in##- FJBIHttinlllBlO 

[0 0 5 9] v;l/5 L 7°b^X[l]gg4^ROM5^iiJR-r 

§c:i:fc<fc?K I f f T\3\f§9-frt>te?)i' : yytf)itftii 

7J2*XS„ v;U^7°l^X|Hlig4tf R0M6, 7 

£3BR-f SC^tiS, *^S2p-»^;l/A, BtflF 
F THSggfr^ttjTjStlSo RM»C, ^l/^-TV^X® 
gg 4 tfi/ y >y h° > ymss 3 ©tH^JigW S> c i: 

4 tm 1 ©f»£7 l/-A<DfflXn7 h tmLTlMR 

^^T9ct^cJ;D^ i f f tihik9^ 6 an nc^-re 
[0060] -ff- h'mrmtum^miXJi^ixko f d 

R»£ffii6-f Sfc&Ojff- K81IH£tfjtaLT, D/AS 
BJ811, 12£tftfrrs 0 Iff-^A, BB, V-7~*\ 

*3 k> , mmyyf^Acofi- vmrsRrjwiiyyt^vm 
?3<DmBtew%KLTMmyyf^B<Dfi- KJHra&tm 
zhyyxiimfStDmztfm < „ 
[0061] D/AS»g§ii, miAJiisnrcimitr 

j-n-yimic^WlLT^ L P F13, 14K4x, LPF 
13, 14«0 F DM^y^b^^fflPILT^^B^Ii 

U7£9 0SgtBS-&3„ JfgP5§fif§16fre>©?§fIfcB7J 
U 7i: LT^S&IBfc&l&Sft, *»§§18 
imffl^vVTtL P F13<Df±i^t©SStioTlRl 

fggs17A^©[tt3»il4^ V7 tL P FUCDtat!t(DmM 
fc«koTiIS«lS»lffl**flTlnJ»S20ttil*-rSo fit 
*§§18, 19<Dffl7J«;ta##§20{C £ Ttoff^ftTItJiS 

[0 0 6 2] E£gS0&15©fiSMm*itt, 
g^HIliS210B P F22C±oT^«9JESnfeft, ±WS 
823fcJ;oTt8ffi£tlT^JI824fc:#*e>tl3o f!W§§ 
24fc ttJlg|5^#§25^ 5 JfgBftffim^tf P> ftT33 

Us mnm2umxmm&ij*-Kmm%i crf) 

#CM»8Se£lft , rSo StJM&24<DtfJ;fittBPF26£«fc^ 
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il*M ; &^T7*P -y ^EIT-aD^o 

[0 0 6 5] A^i^nc^N^o-y-^+i-UT^^-f 

§ 0 F D Mffi^flig (0 F DM-»#;1/) A^S7l/- 
A¥{iT'A7j£ft3 0 £^7b-AcQft^DB#figxD<y 
^T'teZfri/ytflltffcmZtl, 2#g©8$P E §Xn-y h 
T°immyy#)l>Aff>&%Zift, 3#g«B#«Xn-y F 

XD <y h t*3l^T'lff IBv'V^l/^gS^nS «t v tft^ 

TAtl^tlS J; 5 left -3 T^Sc 
[0 0 6 6] COR F^OO F D MS^tfVWi B P F 32 
ttt^^tlSo B P F32(±^«51-Olf ; g*I^SLTWI 
H33Ktb73l-i>o tSfg§§33«B P F 320^73^1 LT 
SJHg34fcm*-r5o ^gPf§fig§35«R F^cofl^^rMl 

t ct o T 0 F D M^ft$HJS*3f€©Hifi»t JBiftSaSift 
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^fgfig§410tii7:«|Blffl«l^^ U 7 1 LXmWSS39tcm 
40 M2M„ SffflS42t±iia5»fitfl**9 Ofi^fflLTtt 

Bl^?iJf#iitIf§37<DtH*t(5lffl$i*^ U 7^^^LT|S| 
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ffiTJ-fSo A/D^g|46, 47t±*«LPF44, 45CD(U 
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T[HES49t#^.6n«o F F T0SS49ttO F DM^MS 
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[0 0 7 6] &:fe\ A/D^g§46, 47©tfcl7:«, Hffl 

t 7 u-i rasastf y y^immnrc tboimtm^ * 

tL^o RfflSaEllISS51©ffi7att^-t'5>^[lISS52tf±t^ 
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mss^c^-rs^^fs^^fiic-rso fftihiss 
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•So 

[0077] f f t mm9 fr?><Dmmyy#Mmim 

SS55©W^»:§559Sa"S*'r'-^^ttitHlES56}c4x.?) 
ti§ 0 S¥-r-^^(ti[HSSS6KJ;oTfIiS^>^>©9 

tXSo -75> ^7S^(H[H]gS57(cttROM58fc^36^|fl5 
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[0 0 8 4] ^7H&ffiiii&7it±K¥x-#;f$tBiiigg7o 
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-So 
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MWrt Tfe § S^x- £ A ^ T t H«© 
20 M*#5Cttft'#3o S/t, v;l/^^X©Ji®B^ 
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40 [0 0 9 0] SV-r-^ B«D^W-«ffl^*^S 

«3 t/h^ < , i?f-^A©^7-ittigItfi 
*fMt«fc 5 fe^^^tl^-tfi, SJpf t -^SKIi8S72ttS 

(Cjct), PM^fctHUSS73ttROM74(D7 :: '-^^R(±lL 
T, a^-r-^r^tHia^OA^ttlLfeSP-r-^A^cD 

[0 0 9 1] ftt©{tffltti!6Ci||WJfc|III«-pfe§ 0 

[0092] doi?^ **»J^c^5^/^Ttt, SVf 

50 £ N aPf-^A^rfflV^T^fb^fTa i5 fc^^Tfc 
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